ESD-TR-82-133 M81-27
|
H !
<H A COMPARISON OF THE LONGLEY=-RICE SEMI~EMPTRICAL MODEL ;
O WITH THEORETICAL MODELS FOR COHERENT SCATTER i
- Q" By | :;.
M. M. WEINER 1
o |
=¥ MAY 1982 i
i. a }
| Prepared for :
! 9
DEPUTY FOR TACTICAL SYSTEMS [ 3
. BLECTRONIC SYSTEMS DIVISION .
. * AIR PORCE SYSTEMS COMMAND i
: UNITED STATES AIR FORCE :
Hanscom Air Force Base, Massachusetts .|
i )
i j
: DTIC
‘ ! ELECTE '
MAY 20 1982 :
L D
v |
” J Project No. 6480 " ~.
| |
3‘_ | Prapared by 1
e S - THE MITRE CORPORATION |
‘ dovibution “m'"““" ""‘" i Bedford, Massachusetts ’
g u Contract No. F19628-81-C=0001
l.:.' w ) |
;i ,
B g2 05 20 026

v 8
R W eestnn e e er) . .



v e e = ¢

When U.8. Government drawings, specificstions, or other dets are used for any
purpose other than a dafinitely relsted governmaent procursment operation, the
sovernmant thereby insurs no responidility nor any obligation whatsoever; and
the fact that the governmant may have formulstad, furnished, or in sny way
wonlied the sid drawings, apecifications, or other data is not 10 be ragarded by
impliostion or otherwies, » In any mannar licensing tha hoider or sny other
POrson Or ourporation, or otnveying any rights or permission to menufeature,
uee, or 001l any patentad invention that may in sny way ba related thersto.

[Do not return this copy. Retain or dmr;ﬂ

REVIEW AND APPROVAL

This technical report has been reviewed and is approvad for publication

(Bignature)

RICEARD L. MOCKER, Major, USAP
AF SINCGARS Program Manager
SEEK TALK System Program Office

e e S o e i = e e




e
¢
[
si',' .
%‘: i

<

&

M81-27
13 AuTHoR(® A -T] ] N¥ NUMBER(S,
M, M. WEINER F19628-81~C=0001

UNCLASSIPIED
SECHNITY CLASSIFICATION OF THIS PAGE (WNen Date Entered)
REPORT DOCUMENTATION PAGE BEFORE COMBLETING FORM
[T REFSKY NUWBER T, GOVY ACCESHON NOJ 3. RECIPIENT'S CATALGG NUMBER
ESD-TR-82-133 A b-l A4
4, TITLE (and Subtitle) § TYRE OF REPORT & PERIOD COVERED

A COMPARISON OF THE LONGLEY-RICE SEMI-EMPIRICAL
MODEL WITH THEORETICAL MODELS FOR COHERENT SCATTER

st ssm—— e
€. PERFOAMING ORG, REPORT NUMBER

(3 nnFomma OROANIZATION NWI AND ABBnih
The MITRE Corporation
P, O, Box 208.

Bedford, MA 0i/30 Project No., 64RS
11, CONTROLLING OFFICE NAME AND ADDAXNS 13, REPORT DATE
Deputy for Tactical Systems May 1982
Electronic Systems Division, AFSC T3, "NUMBER OF FAGES
Hanscom Air Force Base, MA 01731 8
N IN Y RESS(i! dittarent frem ﬁmolm‘. Oltice) 8. SECURITY CLASS, tol thia report)
UNCLASSIFIED

‘fﬂIT}gEFgayzﬁﬁ?ﬁﬁWEEWNiiiﬁﬁﬁr“"

76, GIBTRISUTION STATEWENT (of thiv Resor)
Approved for public release; distribution uniimited.

76, KBV WORDE [Ganiinus en reverss ide I nessasary wnd ideniily &y Biotk number)

17, DISTRIBUTION STATRMENT (of the ahatrast antered in Blook 20, It ditierent from Report)

16. SUPPLEMENTARY NOTES

BACK SCATTER MULTI-PATH TERRAIN SURFACE
BI~STATIC SCATTER RADIO PROPAGATION

CLUTTER ROUGH SURFACE SCATTERING

CONERENT SCATTER SEA BURPACE

LONGYEX-RICE SURPACE TRUTH

3 A eniinue on reveras side if nesessary and lﬁmm &y blaok number)

The Longley~Rice seni~empirical propagation model is compared with
theoratical wmodals for coherent scatter of micrpwaves from moderately rough
surfaces,

X

DD 555%: 478 somoner '_"’3"-“}"'.',"'_'5."_!

" BECUNITY CLASSIPICAY A tored)




o R YL TSR L T PR T

Aok e o

PIC 24D (]
Yusuneumeed (]
Justifiention |

[-)
By. . oW
Distribution/ oor
[ avtissidsey coans |\
Avail acd/or
?Itnt Spueiol

fi

The effect of terratn and sea roughness on coherent scatter of
microwaves for a linefof-sight. mu]tipnth mode of propagat1on 1n.the
specular direction 1s given by the Longley-Rice prediction model as 1

<P = exp (-9'/%/2) (1)
where
<P - expectation of the surface roughness field
amp]itude reerqtion coefficient
91/2 - surface roqghness Rayleigh parameter
. (2mw/7A) (251nw1)cH
A - wavelength of 1nc1dent radiation
w1 - qrazin? angle of incidence on ﬁean surface
_ lavel, (MSL ' i - '
" . standard deviation of the surface height

random variable H with respect to the MsL.

This mode) differs from theoretical models which assume per-
ticular probability density functions for the height random variable.
In particular, this model differs from theoretical models which
assune that the height vandom varfable is exponentially distributed®,
normally distrfbut|d3'4. or-plnudouoxponnntially=d1:tr1butnd5. The
amplitude reflaction coefficiant (P for these theoreticai models

are given byz '
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exp (-g/2) - normally distributed .. - o (2a)

4

-3/ . _ o
OXREIRY YY) pseudo-exponentially distributed (2b)

(1 + ﬂ-)'l exponentially distributed (2¢)

Eq. (1) 1s a semi-empirical formula which has no theoretical basis

6,7

but which was employed by Longley-Rice to fit empirical data ' . The semi-

empirical model of LonéIny-Rice and the thibretical models of Eq. (2)

are compared with empirical data in ths.'l-a for microwave scatter from
the ocean, microwave scatter from terrain and sea surfaces, and acoustical

scatter from an artificial surface submerged in a water tank, respectively,.

It will be noted that the exponentially distributed model and the semi-
empirical model give good agroemént with data for both moderately rough
and smooth surfaces. However, the semi-empirical model does not have
zero slope at 91/2 = 0 as does the theoretical models and as dous most
of the empirical data,

In conclusion, the Longley-Rice semi-empirical model! does not
appear to affer any better fit to the empirical data.than does the
exponentially distributed model. The exponentially distributed moda)

has the distinct advantages of having a theoretical basis and of offering

an interesting physical interpretation of the stochastic process asso-
ciated with the surface profilc.z
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